B~CKOROb']~Z): Clinical experience, features of data conection process, or both, affect diagnostic accuracy, but their respective role is unclear.
S
tudies in cognitive psychology have described the processes of clinical reasoning, the organization of memory, and the mental representations of knowledge. 1.2 Characteristics influencing data collection or recognition have been well documented in visual clinical disciplines like dermatology, or in cases for which the patient's physical appearance leads to the diagnosis, a~ For situations containing less visible data, previous studies including experienced physicians 7 and students 8 solving one single case out of 4 possible situations suggested that early hypothesis generation provided a structure to guide 
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physicians' acquisition of key clinical data. Further studies 9'1° also suggested that some behaviors in data collection, such as detailed inquiry about the chief complaint and frequent summarization of the collected information, were associated with better diagnostic outcomes. Despite the existing evidence, faulty data collection and interpretation are still important sources of errors 11 and many clinician educators still reward thoroughness of data collection rather than relevance dictated by initial diagnostic hypotheses. This study aims to confirm these principles with a larger set of cases from different organ systems and to determine the respective contribution of clinical experience and specific features of data collection and interpretation to explain diagnostic accuracy.
METHODS

Subjects and Research Design
We asked the 10 experienced General Internists heavily involved in teaching in our service to volunteer for our study. Six of them accepted, according to their time constraints. We then recruited second-year residents and senior medical students during successive residency and clerkship rotations in our service, until we obtained 6 participants in each group. All subjects worked up the same 7 chief complaints with a standardized patient, thus producing a total amount of 42 encounters for each group of clinical experience, a sample size estimated adequate in terms of power and feasibility. No specific review was required in our institution for this study.
We used charts of real patients to create 7 case scripts portrayed by a standardized patient (SP). Their chief complaints were: (1) heavy sensation in the abdomen, (2) cough, (3) weight loss, (4) headache, (5) diarrhea, (6) lower limb edema, and (7) arthritis. The diagnoses of these common cases relied mainly on history and physical examination.
All subjects encountered the 7 cases in the same order without time limitation. At the end of each encounter they provided their final working diagnosis. The encounters were audiotaped and immediately replayed for a thinking-aloud stimulated recall, 1 during which the subjects indicated the purposes underlying their data collection. These comments were audiotaped and retranscribed for analyses. Two previously trained investigators evaluated and tallied the characteristics of each encounter. Their interrater correlation ranged from 0.83 to 0.98. December 3, 2005 Initial editorial decision January 18, 2006 Final acceptance June 19, 2006 
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Outcome Variables and Data Analyses
We analyzed 125 encounters, 1 encounter being not recorded for technical problems. For each encounter, we determined the diagnostic accuracy (binary variable, based on the actual patient's diagnosis), the amount, relevance, and sequence of the information collected, the organ systems explored, the diagnostic hypotheses evaluated, and the management decisions made. Because there is no gold standard to work up specific cases, we used the level of concordance among experts with correct final diagnoses to determine the relevance of the information collected and the diagnostic hypotheses generated. 12-15 Each piece of information and diagnostic hypothesis received a relevance weight ranging from 0 (0% concordance) to 1 (100% concordance). Key information or hypotheses were those elicited by all experts (100% concordance).
We built an ANOVA model in which the unit of analysis was the encounter, i.e.. the product of subjects (18) by cases (7), subjects being nested within 3 experience levels. We analyzed the effects of clinical experience on the variables listed in Table 1 , with the 7 cases as repeated measures. We also tested interactions between cases and experience levels.
We determined the features of the data collection process predicting diagnostic accuracy by univariate, bivariate (correction for clinical experience), and multiple logistic regression models (corrected for all collected data). Standard errors and 95% confidence intervals (CI) were adjusted for intragroup correlation, thus taking into account the fact that the same subjects assessed many cases. All analyses were performed using the Stata "~" statistical software (release 9.1, Stata Corp., College Station, TX).
RESULTS
The characteristics of the encounters differed according to the subjects' levels of clinical experience (Table 1} . Overall, experts differed more from residents and students than did residents from students. Compared with experienced physicians, younger doctors collected less relevant data; evaluated less relevant diagnostic hypotheses; evaluated the final correct diagnosis later during the encounter; and made decisions of lower relevance. No interaction between case and level of experience was significant. The proportion of cases diagnosed correctly was, respectively, 81% (95% CI 66 to 90), 45% (95% CI 31 to 60), and 36% (95% CI 23 to 51) for the experts, residents, and students (P< .001).
The After correction for clinical experience (Table 2) , frequent summarization of information was no longer significant and the total number of diagnostic hypotheses evaluated during the encounters became a significant predictor. The number of key diagnostic hypotheses remained the most significant variable, even with the conservative Bonferroni's correction for multiple comparisons. 17 With multiple logistic regression analysis, clinical experience at the student level (OR 0.24, 0.07 to 0.83), evaluation of key diagnostic hypotheses during the encounters (OR 3.12, 1.55 to 6.25), and the late evaluation of the correct diagnosis (OR 0.97, 0.94 to 0.99) remained significant independent predictors of diagnostic accuracy (40% of the variance explained).
DISCUSSION
In this study, several characteristics in data collection and interpretation predicted diagnostic accuracy beyond the accu- mulated years of practice, among which the most important were the collection of key information, the evaluation of relevant diagnostic hypotheses and the generation of the correct diagnosis within the first 10 questions asked during the encounter. This highlights the crucial importance of an early evaluation of relevant diagnostic hypotheses during the workup to diagnose successfully a case, as it drives the subsequent collection of relevant information. Our results on several cases in various domains of internal medicine expand previous research that already showed these relationships with few cases 1'7'9 from specific specialties (e.g., neurology) or cases relying on visual cues. 3-6 In addition, some previous works relied on written clinical vignettes rather than higher-fidelity simulation allowing for an open-ended inquiry (e.g., standardized patients), a condition known to alter clinical reasoning because the information is immediately provided rather than progressively collected by the subject. 16.is Our data also give an additional insight into the role of clinical experience. While a focused data collection and frequent summarizations of the collected clinical data are more a trait of a higher level of training than a necessary condition of diagnostic success, the exploration of a larger number of diagnostic hypotheses becomes an important clue for successful younger subjects. More than accumulated years of practice, previous exposure to similar cases may thus represent an important determinant of diagnostic success, as also suggested by the tiny differences observed between the characteristics of residents and students. Many of these principles have already been suggested by medical educators but their internalization by clinicianeducators remains difficult in practice. By actualizing them, our data reinforce the goals medical trainers should strive to attain with their trainees and give credence to teaching activities fostering the exploration of diagnostic hypotheses related to the patient's complaint and their use to frame further data collection. 19 Whatever the teaching strategy, it should favor the simultaneous acquisition of knowledge and process to remain optimal. 2° Our results also support teaching programs that offer early and systematic approach to a variety of practical cases and do not merely rely on a random and uneven exposure.
This study has some limitations restricting the generalization of the results. First, it was conducted in a single institution with volunteers. The subjects were, therefore, possibly more motivated than those who declined participation, although this selection bias would have rather reduced the differences we observed among groups of different levels of clinical experience. Second, although the standardization of the setting increases reliability, it may hinder the natural reasoning the same physicians would have whei1 facing a real patient in a natural setting.
In conclusion, some characteristics of clinical data collection are related to diagnostic accuracy beyond traits more directly related to clinical experience. Medical educators should consider them as training goals for learners in clinical environments and reinforce the importance of using an early and wide exploration of diagnostic hypotheses to frame clinical data collection. This implies a more explicit role modeling of clinical reasoning and the abandonment of the still prevailing sense that exhaustive data collection is the privileged way to diagnostic success.
